Alkylation of quinolin-2(1H)-one (1) and its C(6) and C(7) substituted dervatives (OMe, OBn, and Cl) with 2-bromoacetophenone or chloroacetone under basic condition (K 2 CO 3 in DMF) gave a mixture of N 1 -and O 2 -alkylated products with the former one as a major product. However, alkylation of 8-methoxy-, 8-benzyloxy-, and 8-chloro-quinolin-2(1H)-ones under the same reaction conditions gave exclusively O 2 -alkylated products.
INTRODUCTION
Quinolin-2(1H)-one (carbostyril) skeleton is present in a large number of biologically active compounds which exhibit antiplatelet, anti-inflammatory, anti-ulcer, vasodilatory, and phosphodiesterase inhibitory activities [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Carteolol, for example, has been used clinically as a b-adrenergic blocking agent 8 . Over the past few years, we were particularly interested in the synthesis of a-methylene-g-butyrolactones bearing heterocycles such as coumarins, flavones, xanthones, quinolines, and quinolin-2(1H)-ones and the evaluation of their cardiovascular and cytotoxic activities [9] [10] [11] [12] [13] [14] . Among these heterocycles, coumarins exhibited the most potent inhibitory activities on the high-K + -medium, Ca 2+ -induced vasoconstriction, and the norepinephrine-induced phasic and tonic vasoconstrictions, while quinolin-2(1H)-ones proved to be the most active against platelet aggregation. A number of quinolin-2(1H)-one a-methylene-g-butyrolactones were found to exhibit potent antiproliferative activities 14 . These biologically active quinolin-2(1H)-one derivatives were synthesized from their hydroxyl precursors by alkylation and the Reformatsky-type condensation. The Reformatsky-type condensation is quite straightforward while the alkylation of quinolin-2(1H)-one involves a competitive alkylation leading to the mixture of N 1 -and O 2 -alkylated products. Although it is well known that alkylation of 2-pyridones gave a mixture of both N-and O-alkylated products, [15] [16] [17] relatively few systematic studies of this phenomenon have been published. Hopkins et al 18 demonstrated that alkylation of 2-pyridone with benzyl chloride and sodium salt in DMF occurred at N 1 -position whereas using the silver salt in benzene afforded exclusively the O 2 -alkylated product. The Mitsunobu reaction has also been applied to alkylate 2-pyridones to discover the relationship between the ratio of N-and O-alkylation products. 19, 20 The alkylation of C-5 substituted 2-phenyl-4-quinolones was also investigated and showed that the ratio of N-alkylation versus O-alkylation is highly dependent on the property of C-5 group. Both N-alkylation and O-alkylation products were detected for C-5 methoxy derivative while the sole product of N-alkylation was obtained for the C-5 hydroxy derivative. The alkylation of these 2-phenyl-4-quinolones was conducted under several conditions (NaH/THF, NaH/DMF, K 2 CO 3 /acetone, K 2 CO 3 /DMF) at different temperatures. The K 2 CO 3 /DMF system and temperature elevation led to the highest yields but there was no significant influence on the regioselectivity compared to the other systems used. 21 Studies on N-alkylation versus O-alkylation in various ambident heterocyclic compounds under phase transfer conditions have also been reported. [22] [23] [24] [25] We have obtained a mixture of N 1 -and O 2 -alkylated products from the alkylation of quinolin-2(1H)-one (1) with N 1 -alkylation as the major product (Scheme 1) 10 . Alkylation of 6-acetoxyquinolin-2(1H)-one (2) gave a mixture of N 1 -and O 2 -alkylated products with N 1 -alkylation as the major product 11 . However, a sole O 2 -alkylated product was obtained from the alkylation of 8-acetoxyquinolin-2(1H)-one (9) with 2-bromoacetophenone and potassium carbonate in DMF 12 .
Guo et. al. have also reported that the alkylation of 8-hydroxyquinolin-2(1H)-one with 3-methoxybenzyl bromide under basic condition to afford a mixture of N 1 -and O 2 -alkylated products with the former one as a major product 26 . Alkylation of 8-hydroxyquinolin-2(1H)-one was similar to 2 but was distincted from 9 prompted us to explore the alkylation of various quinolin-2(1H)-one derivatives. The steric and electronic effects of different substituents which influence the N 1 -and O 2 -alkylation of quinolin-2(1H)-ones are described.
RESULTS AND DISCUSSION
Alkylation of quinolin-2(1H)-one (1) with 2-bromoacetophenone and potassium carbonate in DMF gave a mixture of N 1 -and O 2 -alkylated products (13a and 13b respectively) with 13a as a major product (Scheme 1) but not a sole product as our previous report 10 . The structure of 13a was confirmed by the long-range 1 
) ppm corresponding to C(2'), C(2), and C(1') respectively. It is worth to mention that one-dimensional 1 H-NMR spectra along is not enough to assign the site of alkylation since chemical shifts of N(1)-CH 2 (5.81 ppm) and O(2)-CH 2 (5.76 ppm) are not distinguishable. However, one-dimensional 13 C-NMR spectra provide very useful informations in which C(1') showed a upfield shift at 48.68 ppm for N 1 -alkylated product 13a and a downfield shift at 67.48 ppm for O 2 -alkylated product 13b. A view of a single molecule of 13a and 13b respectively are given in Figure 1 .
Under the same alkylating conditions, quinolin-2(1H)-one substituted with an electron-donating group such as methoxy 3, benzyloxy 4, or with an electron-withdrawing group such as chloro 5, at C(6)-position gave a mixture of N 1 -and O 2 -alkylated products with the N 1 -alkylation as the major product as shown in Scheme 1. Therefore, the electronic environment did not affect the type of alkylation. Accordingly, alkylation of C(7)-substituted quinolin-2(1H)-ones 6, 7, and 8 afforded N 1 -alkylated products 18a, 19a, and 20a as major products.
However, this type of alkylation can not be applied to C(8)-substituted quinolin-2(1H)-ones. Treatment of 8-methoxyquinolin-2(1H)-one (10) with 2-bromoacetophenone and potassium carbonate in DMF gave O 2 -alkylated product, 8-methoxy-2-(2-oxo-2-phenylethoxy) quinoline (22b), as a sole product in a 75% yield. Accordingly, O 2 -alkylated products 21b 12 , 23b, and 24b were obtained from the alkylation of their respective precursors 9, 11, and 12.
To confirm the application of this type of alkylation, further experiments were carried out by using chloroacetone as an alkylating agent as shown in Scheme 2. Treatment of C(6) and C(7) substituted quinolin-2(1H)-ones with chloroacetone and potassium carbonate in DMF gave a mixture of N 1 -and O 2 -alkylated products with the former one as a major product. The typical peak of 1 H-NMR spectra are not distinguishable, for example, N(1)-CH 2 (5.11 ppm) for 25a and O(2)-CH 2 (5.04 ppm) for 25b. However, 13 C-NMR spectra provide very useful informations in which C(1') showed a downfield shift at 70.07 ppm for O 2 -alkylated product 25b and a upfield shift at 52.03 ppm for N 1 -alkylated product 25a. Alkylation of C(8)-substituted quinolin-2(1H)-ones under the same reaction conditions afforded O 2 -alkylated product as a sole product. Therefore, the site of alkylation could be controlled mostly by the steric effect in which less hindered C(6) and C(7) substituted quinolin-2(1H)-ones alkylated at N 1 -and O 2 -positions with the former one as a major product while C(8) substituted counterparts alkylated exclusively at less hindered O 2 -position.
Alkylating agents may also affect the regioselectivity in which the N/O ratio for higher bulky 2-bromoacetophenone is less than that of less bulky chloroacetone due to higher steric hindrance of N-alkylation than that of O-alkylation. For example, the N/O ratio is 2.7 (62/23) for 6-benzyloxy derivative (entry 4, Scheme 1) using 2-bromoacetophenone as an alkylating agent while the N/O ratio is 7.1 (71/10) using chloroacetone (entry 4, Scheme 2) as an alkylating agent. 
CONCLUSIONS
In conclusion, we report herein the selective alkylation of certain substituted quinolin-2(1H)-one derivatives. Our results indicated that alkylation of relatively bulky 8-methoxy-, 8-benzyloxy-, and 8-chloro-quinolin-2(1H)-ones under classical conditions (2-bromoacetophenone or chloroacetone, DMF, K 2 CO 3 ) gave exclusively O 2 -alkylated products. This selectivity can not be applied to C(6) and C(7) substituted quinolin-2(1H)-one counterparts in which alkylation occurred at both N 1 -and O 2 -positions with the former one as a major product. Therefore, alkylation of substituted quinolin-2(1H)-ones was controlled by the steric effect but not the electronic effect. 
1-(2-Oxo-2-phenylethyl)quinolin-2(1H)-one (13a) and 2-(2-Oxo-2-phenylethoxy)quinoline (13b)
Quinolin-2(1H)-one (1.45 g, 10 mmol), K 2 CO 3 (1.38 g, 10 mmol), and dry DMF (50 mL) were stirred at rt for 30 min. To this solution was added 2-bromoacetophenone (1.99 g, 10 mmol) in dry DMF (10 mL) in one portion. The resulting mixture was continued to stir at rt for 24 h (TLC monitoring), and then poured into ice-water (100 mL). The mixture was extracted with CH 2 Cl 2 (3×75 mL). The organic layer was combined, washed with H 2 O, dried (Na 2 SO 4 ), and then evaporated to give a brown solid which was purified by column chromatography on silica gel (AcOEt/Hexane 1:1). The proper fractions were combined and evaporated to furnish a residual solid which was crystallized from CH 2 Cl 2 /Et 2 O 1:10 to afford 13a (1.74 g, 66 %) and 13b (0.17 g, 7 %). (4) 
6-Methoxy-1-(2-oxo-2-phenylethyl)quinolin-2(1H)-one (15a) and 6-Methoxy-2-(2-oxo-2-phenylethoxy)quinoline (15b)
Prepared from 6-methoxyquinolin-2(1H)-one and 2-bromoacetophenone by the same procedure as described for 13a and 13b. 15a: 80 % yield. 
7-Chloro-1-(2-oxo-2-phenylethyl)quinolin-2(1H)-one (20a) and 7-Chloro-2-(2-oxo-2-phenylethoxy)quinoline (20b)
Prepared from 7-chloroquinolin-2(1H)-one and 2-bromoacetophenone by the same procedure as described for 13a and 13b. 20a: 87 % yield. (4) (2) 
